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In	 today’s	 industrial	 scenario	 huge	 losses/wastage	 occur	 in	 the	manufacturing	 shop	
floor.	This	waste	is	due	to	operators,	maintenance	personal,	process,	tooling	problems	
and	 non-availability	 of	 components	 in	 time	 etc.	 Other	 forms	 of	 waste	 includes	 idle	
machines,	idle	manpower,	break	down	machine,	rejected	parts	etc	are	all	examples	of	
waste.	 The	 quality	 related	 waste	 are	 of	 significant	 importance	 as	 they	 matter	 the	
company	 in	terms	of	time,	material	and	the	hard	earned	reputation	of	the	company.	
There	are	also	other	invisible	wastes	like	operating	the	machines	below	the	rated	speed,	









market,	 since	 it	 requires	 a	 constant	 increase	 in	 productivity,	 both	 in	 the	 automobile	
industry	as	well	as	in	the	companies	whose	manufacture	its	components.	This	sector	is	
currently	set	within	an	economic	framework	where	there	is	a	relentless	search	for	costs	
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Este	 desperdício	 deve-se,	 muitas	 vezes,	 à	 falta	 de	 manutenção	 e	 consequente	
indisponibilidade	 de	 equipamentos.	 Outras	 formas	 de	 desperdício	 são	 o	 excesso	 de	
produção,	o	processamento	inapropriado,	os	defeitos,	roturas	de	stocks,	etc.	Todos	os	
tipos	de	desperdício	são	relevantes,	contudo	os	relacionados	com	a	qualidade	são	de	









numa	 estrutura	 económica	 que	 procura	 incessantemente	 a	 redução	 de	 custos	 e	 um	
aumento	 na	 produtividade	 com	 um	 investimento	 mínimo.	 Para	 atender	 a	 esses	




produtos	 de	 fundição	 para	 o	 setor	 automóvel.	 O	 principal	 objetivo	 foi	 aumentar	 a	













































































































































































































































































new	 production	 technologies	 and	 techniques,	 as	 well	 as	 management	 procedures,	
without	 chances	 for	 failures	 or	 waste.	 Faced	 with	 these	 scenarios,	 companies	must	





Zero	 oriented	 concepts	 like	 zero	 inventories,	 zero	 lead	 time,	 zero	 defects,	 and	 zero	
tolerance	for	waste,	breakdown	and	zero	accidents	are	becoming	the	pre-requisite	for	
the	production	plant	which	can	be	achieved	by	implementing	TPM	[2].	





The	 work	 described	 in	 this	 thesis	 was	 developed	 at	 a	 company	 in	 the	 sector	 of	
components	 for	 the	 automotive	 industry,	 which	 is	 located	 in	 Porto,	 Portugal.	 TPM	
methodology	was	implemented	and	associated	with	other	Lean	philosophy	tools	(6S	and	
Visual	Management)	with	the	purpose	of	improving	actions	in	the	maintenance	sector	
























respond	 positively	 to	 the	 changing	 technological	 advances,	 equipment	
sophistication	and	management	innovation.	
9. Lean	techniques	aid	to	maximize	customer	value	while	minimizing	waste.	
10. Lean	tools	guide	us	how	a	company	should	conduct	functions,	 it	takes	a	 long-
term	perspective	and	perseverance.	
1.3 RESEARCH	METHODOLOGY	









This	document	 is	divided	 into	six	 sections.	Section	1	consists	of	 the	 introduction	and	














We	 all	 know	 that	 Total	 Productive	 Maintenance	 (TPM)	 has	 standard	 8	 Pillars	 has	
designed	by	Nakajima’s	 1988	 like	 Focused	 Improvement,	 Autonomous	Maintenance,	
Preventive	 Maintenance,	 Training	 and	 Education,	 Initial	 Flow	 Control,	 Quality	
Maintenance,	TPM	in	Administration	and	Safety&Health	and	Environment	but	this	TPM	
is	designed	as	per	the	Sonafi	ME	demand	and	expectation.	Since	Sonafi	has	a	separate	
department	 for	Quality,	 Safety	 and	Human	Resources	 they	 look	 after	 the	 respective	


















































































































that	 originated	 in	 the	 United	 States	 in	 the	 late	 1940’s	 and	 early	 1950’s.	 American	
Productive	 Maintenance	 was	 characterized	 by	 the	 development	 of	 scheduled	





in	 1960.	 Preventive	maintenance	 is	 the	 concept	wherein,	 operators	 produced	 goods	
using	machines	and	 the	maintenance	group	was	dedicated	with	work	of	maintaining	
those	machines,	however	with	the	automation	of	Nippon	Denso,	maintenance	became	
a	 problem,	 as	 more	 maintenance	 personnel	 were	 required.	 	 So,	 the	 management	
decided	that	the	operators	would	carry	out	the	routine	maintenance	of	equipment.	(This	
is	Autonomous	maintenance,	one	of	the	features	of	TPM).	Maintenance	group	took	up	
only	 essential	 maintenance	 works.	 Thus	 Nippon	 Denso,	 which	 already	 followed	
preventive	 maintenance,	 also	 added	 Autonomous	 maintenance	 done	 by	 production	
operators.	The	maintenance	crew	went	 in	 the	equipment	modification	 for	 improving	
reliability.	The	modifications	were	made	or	incorporated	in	new	equipment.	This	lead	to	









The	 overview	 of	 the	 early	 milestones	 as	 TPM	 developed	 in	 Japan	 with	 emerging	










































































































The	 TPM	 program	 closely	 resembles	 the	 popular	 Total	 Quality	 Management	 (TQM)	
program	(Table	2).	Many	of	the	tools	such	as	employee	empowerment,	benchmarking,	













































Bamber	 [6],	 in	 particular,	 describes	 the	 Japanese	 school	 of	 thought	 represented	 by	
Nakajima[7][8]		and	Shirose	[9].	The	Western	Approach	is	represented	by	Willmott	[10],	
Wireman	[11]	and	Hartmann	[10].	The	Japanese	Institute	of	Plant	Maintenance	(JIPM)	
promotes	the	Japanese	approach.	 	Seiichi	Nakajima	 is	a	vice	chairman	of	 JIPM	and	 is	
considered	to	be	the	father	of	TPM	[5].	
The	following	definition	will	be	used	to	describe	total	productive	manufacturing	[5]:	
“Total	 Productive	 Manufacturing	 is	 a	 structured	 equipment-centric	 continuous	
improvement	process	that	strives	to	optimize	production	effectiveness	by	identifying	and	
eliminating	 equipment	 and	 production	 efficiency	 losses	 throughout	 the	 production	






































Total	 Productive	 Manufacturing	 is	 a	 structured	 equipment-centric	 continuous	





One	 of	 the	 most	 significant	 elements	 of	 TPM	 the	 structured	 TPM	 implementation	
process	 is	 that	 it	 is	 a	 consistent	 and	 repeatable	 methodology	 for	 continuous	
improvement.	“For	world-class	competitors,	minimal	performance	requirements	include	
repetitive	and	predictable	year-over-year	actual	per-unit	cost	reductions,	ever-reducing	
variation,	 improved	 product	 quality,	 and	 extraordinary	 customer	 service.	 	 Winning	






































improvements,	 but	 carried	 out	 on	 a	 continual	 basis	 and	 involve	 all	 people	 in	 the	
organization.	Kaizen	 is	opposite	 to	big	spectacular	 innovations.	Kaizen	requires	no	or	
little	 investment.	 The	 principle	 behind	 is	 that	 "a	 very	 large	 number	 of	 small	












Achieve	 and	 sustain	 zero	 loses	 with	 respect	 to	 minor	 stops,	 measurement	 and	







































































This	 pillar	 is	 geared	 towards	 developing	 operators	 to	 be	 able	 to	 take	 care	 of	 small	
maintenance	tasks,	 thus	freeing	up	the	skilled	maintenance	people	to	spend	time	on	



















































• The	 employees	 are	 trained	 in	 disciplines	 like	 pneumatics,	 electrical,	
hydraulics,	lubricant	and	coolant,	drives,	bolts,	nuts	and	safety:	
















• Up	 to	 the	 previous	 step	 only	 the	 machinery/equipment	 was	 the	
concentration.	However,	in	this	step,	the	surroundings	of	the	machinery	are	
























































































manufacturability).	Leachman	 identified	time-to-market	as	a	critical	 factor	 in	the	 life-
cycle	 profitability	 of	 new	 products/processes	 in	 the	 semiconductor	 industry	 [13].	
Effective	Maintenance	Prevention	supports	the	reduction	of	the	vertical	startup	lead-
time	by	 improving	the	 initial	 reliability	and	reducing	the	variability	of	equipment	and	


















It	 is	 aimed	 towards	 customer	 delight	 through	 highest	 quality	 through	 defect-free	
manufacturing.	The	focus	is	on	eliminating	non-conformances	in	a	systematic	manner,	
much	 like	 Focused	 Improvement.	 We	 gain	 an	 understanding	 of	 what	 parts	 of	 the	
equipment	affect	product	quality	and	begin	to	eliminate	current	quality	concerns,	then	
move	 to	 potential	 quality	 concerns.	 Quality	 Maintenance	 (QM)	 activities	 are	 to	 set	
equipment	 conditions	 that	 preclude	 quality	 defects,	 based	 on	 the	 basic	 concept	 of	
maintaining	perfect	equipment	to	maintain	perfect	quality	of	products.	The	condition	is	
checked	and	measured	in	time	series	to	verify	that	measure	values	are	within	standard	





























































































lead	 to	 on-time	 delivery,	 improved	 'in-coming'	 quality	 and	 cost	 reduction.	 With	
distributors,	 it	 will	 lead	 to	 accurate	 demand	 generation,	 improved	 secondary	
distribution	and	 reduction	 in	damages	during	 storage	and	handling.	 In	any	case,	 it	 is	
necessary	 to	 teach	 them	based	on	experience	and	practice	and	highlight	gaps	 in	 the	








President	 (Technical).	 Utmost	 importance	 to	 Safety	 is	 given	 in	 the	 plant.	 Manager	









No	 TPM	 program	 is	 meaningful	 without	 a	 strict	 focus	 on	 safety	 and	 environmental	




1. Faulty	or	unreliable	equipment	 is	a	 source	of	danger	 to	 the	operator	and	 the	
environment.	 The	 TPM	 objective	 of	 zero-failure	 and	 zero-defects	 directly	
supports	zero-accidents.	
2. Autonomous	 maintenance	 teaches	 equipment	 operators	 how	 to	 properly	
operate	equipment	and	maintain	a	clean	and	organized	workstation.		












1	 death.	 Investigating	 industrial	 accidents,	 Heinrich	 found	 that	 88%	 of	 accidents	











“Manufacturing	 management	 in	 the	 21st	 century	 will	 not	 be	 effective	 if	 the	






of	 environmental	 issues	 is	 that	 industries,	 academic	 institutions,	 and	 government	
agencies	have	been	specialized	in	research,	development,	promotion,	and	diffusion	of	





1. Construct	 an	 Environmental	 Management	 System	 (EMS)	 that	 integrates	








Overall	 Equipment	 Effectiveness	 (OEE)	 is	 the	 TPM	 metric	 for	 measuring	 equipment	
effectiveness	or	productivity.	“A	company	cannot	make	business	gains	solely	by	using	
cost	 cutting	measures	 because	 it	 cannot	 cut	 costs	 enough	 to	 become	 a	 world-class	









3. Quality	 –	 the	 effectiveness	 of	 the	 operation	 to	 produce	 units	 that	 meet	
production	quality	 specifications	 during	 the	 period	of	 time	 that	 equipment	 is	
performing	production	activity.	
	












non-production	 losses	 from	 the	 OEE	 calculation.	With	 its	 high	 capital	 investment	 in	
production	 equipment	 necessitating	 a	 focus	 on	 equipment	 productivity,	 the	
semiconductor	 industry	 has	 created	 an	 alternative	productivity	 calculation	 known	as	
































































policy	 and	 objectives	 in	 line	 with	 the	 corporate	 and	 site	 business	 goals.	 The	




SGA’s	 responsible	 for	 executing	 the	 TPM	 plan	within	 their	 departments.	 The	
Middle	Management	SGA’s	 sponsor	 the	shop	 floor	Autonomous	Maintenance	
teams.		
• Front-line	Small	Groups	–	Cross-functional	 shop	 floor	 teams	 that	execute	 the	
TPM	plan	within	their	work	areas.	
2.3.4 Participation	Across	All	Levels	of	the	Operational	Hierarchy	
“The	Goal	 of	 TPM	 is	 to	maximize	 the	overall	 effectiveness	of	 the	production	 system	
through	total	participation	and	respect	for	the	individual.”	[15].	As	noted	in	the	previous	
















shift.	 “The	 type	 of	 change	 called	 for	 in	 TPM	 is	 especially	 difficult	 because	 in	 many	
respects	it	pervades	the	fundamental	nature	of	the	company’s	work	culture.	It	reaches	
through	and	affects	the	entire	organization.”	Volker	and	Farrow	recognize	that	during	
























or	organization.	The	 lean	6S	method	can	be	 implemented	 in	all	 type	of	 industries	or	




The	 6S	 method	 gives	 good	 results	 for	 required	 improvement	 in	 an	 organization	 or	
company.	By	implementing	6S	method	we	can	get	good	improvement	in	the	production	
process	and	safety	in	any	company.	The	6S	method	highly	supportive	for	the	objectives	


























Keep	 the	 all	 things	 in	 a	
proper	order	and	place	to	
quick	 and	 easy	 access	 to	
them.	
3. SHINE	 Seiso	





Uses	 the	 standards	 in	 the	
workplace.	 Constantly	
keep	 order	 at	 the	


















Sorting:	 Sorting	 can	 be	 classified	 as	 throw	 away	 all	 waste	material,	 non-conforming	
products,	useless	and	damaged	tools	from	the	workplace.	Keep	the	all	equipment,	tools,	
material	 and	other	 information	 that	 is	useful	 for	 the	attainment	of	work.	 It	 helps	 to	
maintain	the	workplace	clean	and	effective	for	searching	and	receiving	stuff	cut	down	
the	time	of	running	the	operation	[23].	








give	 the	 instruction	 to	 the	employees	which	are	easily	 understandable	 so	workplace	
clean	and	would	be	in	order.	All	workers	of	the	workshop	should	be	participating	in	this	








protect	 the	 workers	 from	 any	 accidental	 injury	 at	 the	 workplace.	 Much	 safety	
equipment	 is	 also	 used	 such	 as	 a	 safety	 helmet,	 safety	 jackets,	 safety	 shoes,	 fire	
extinguishers	 etc.	 in	 the	 workplace.	 Make	 sure	 that	 all	 safety	 equipment’s	 like	 fire	




















































achieving	 world-wide	 integration	 of	 country-specific	 assessment	 and	 certification	
systems,	i.e.	the	North	American	QS	9000,	the	Italian	AVSQ,	the	French	EAQV	and	the	
German	 VDA,	with	 the	 ISO	 9001:9004	 standard.	 Its	 successive	 editions	 (2002,	 2009)	
were	 essential	 to	 keep	 up	 with	 advances	 in	 the	 automotive	 industry	 and	 with	
amendments	to	the	2000	and	2008	editions	of	the	ISO	9001	standard.	The	aim	of	the	
existing	 ISO/TS	 16949	 was	 to	 put	 in	 place	 a	 global	 quality	 management	 system	
throughout	 vehicle,	 component	 and	 part	 lifecycles	 to	 provide	 for	 continual	
improvement	emphasizing	defect	prevention	and	the	reduction	of	variation	and	waste	
in	the	supply	chain	(OEM-Tier	1,	2,	3,	4,	etc.).	The	ISO	technical	specification	emphasizes	
design,	 planning	 and	 production,	 all	 of	 which	 are	 subject	 to	 the	 most	 stringent	
regulations	 and	 require	 an	 interdisciplinary	 approach	 at	 every	 stage.	 The	 technical	
specification	 calls	 for	 a	 broad	 approach	 to	 analyzing	 error	 types	 and	 their	 effects	 in	
design,	production	and	 logistics	 failure	mode	and	effects	analysis	 (D/P/L	FMEA).	 It	 is	
crucial	 to	 document	 and	 implement	 total	 productive	 maintenance	 (TPM)	 and	
production	instrumentation	management	systems	[25].	
2.5.2 Key	 changes	 introduced	 by	 the	 new	 IATF	 16949:2016	 Standard	 Relating	 to	
Suppliers		
IATF	 16949:2016	 specifies	 quality	management	 system	 requirements	 for	 the	 design,	
development	and	production	and,	where	applicable,	assembly,	fitting	and	servicing,	of	








ISO14001	and	 the	 ISO27000	 series).	As	opposed	 to	 ISO/TS	16949	and	other	 industry	
standards,	IATF	16949:2016	does	not	contain	the	ISO	9001:2015	text,	which	may	make	
it	harder	to	read	and	understand	its	requirements	(ISO/TS	16949	did	cite	the	text	of	ISO	












In	 keeping	with	 the	 IATF-published	 strategy	of	 transition	 from	 ISO/TS	16949:2009	 to	
IATF	 16949:2016,	 which	 accounts	 for	 the	 possibility	 that	 certain	 organizations	 may	
already	 be	 certified	 to	 the	 old	 editions	 of	 VDA	6.1	 and	 ISO	 9001:2008,	 IATF	 defined	
detailed	transition	rules	and	the	related	requirements	for	both	certification	bodies	and	
organizations	 seeking	 an	 IATF	 16949:2016	 certificate	 [Figure	 9].	 For	 organizations	
seeking	new	IATF	certification,	the	transition	will	take	23	months	from	the	publication	
of	the	new	standard	to	the	expiry	of	ISO/TS	certificates	on	September	14,	2018.	Post	










at	 a	 regularly	 scheduled	 recertification	 or	 surveillance	 audit).	 Assuming	 that	 all	












purchase	 of	 the	 standard	 of	 transition	 to	 IATF:2016	 (IATF	 2016).	 Next	 one	 should	
familiarize	oneself	with	ISO	9000	and	ISO	9001,	IATF	16949	and	the	strategy	of	transition	
to	 the	 IATF	 standard	 (IATF	2016,	 ISO	2015).	 This	 can	be	achieved	by	way	of	 internal	
training	offered	to	selected	employees.	The	change	schedule	can	be	agreed	with	the	
certification	 body.	 An	 essential	 part	 of	 the	 transition	 should	 be	 to	 appoint	 the	
organization’s	internal	team	tasked	with	analyzing	gaps	in	the	existing	system	against	






An	 essential	 part	 of	 the	 transition	 should	 be	 to	 appoint	 the	 organization’s	
internal	 team	 tasked	 with	 analyzing	 gaps	 in	 the	 existing	 system	 against	 the	 new	
requirements	 and	 formulating	 a	 transition	 plan	 in	 consultation	with	 the	 certification	
body.	The	team	should	not	only	identify	gaps	but	also	coordinate	the	preparation	and	
supplementation	 of	 system	 documentation	 by	 accounting	 for	 changes.	 Another	
essential	 step	 should	 be	 to	 hold	 internal	 training	 for	 the	 organization’s	 functions	 in	
which	system	documentation	was	changed,	the	aim	is	to	deploy	the	changes	and	carry	






orientation	 to	 the	 customer,	 with	 the	 inclusion	 of	 a	 number	 of	 consolidated	
previous	customer	specific	requirements.	
• ISO/TS	16949	 (1st	edition)	was	originally	created	 in	1999	by	 the	 International	
Automotive	 Task	 Force	 (IATF)	 with	 the	 aim	 of	 harmonizing	 the	 different	
assessment	 and	 certification	 systems	 worldwide	 in	 the	 supply	 chain	 for	 the	
automotive	sector.		Other	revisions	were	created	(2nd	edition	in	2002,	and	3rd	
edition	in	2009)	as	necessary	for	either	automotive	sector	enhancements	or	ISO	
9001	 revisions.	 	 ISO/TS	 16949	 (along	 with	 supporting	 technical	 publications	
developed	by	original	equipment	manufacturers	 [herein	 referred	to	as	OEMs]	
and	 the	national	 automotive	 trade	associations)	 introduced	a	 common	 set	of	
techniques	 and	 methods	 for	 common	 product	 and	 process	 development	 for	
automotive	manufacturing	worldwide.	

















of	 risk-based	thinking.	One	of	 the	major	changes	 in	 IATF	16949:2016	 is	 that	 it	brings	
quality	management	and	continual	improvement	into	the	heart	of	an	organization.	This	













2.5.6 IATF	 16949:2016	 contains	 detailed	 supplementation	 for	 the	 automotive	
industry,	including	significant	changes	regarding:	




2. The	 understanding	 and	 definition	 of	 the	 context	 of	 the	 organization	 and	 the	
related	internal	and	external	problems	relative	to	such	context,	resulting	from	
risk	and	opportunity	identification.	
3. Top	management	 engagement	 in	 corporate	 responsibility	 policy,	 including	 at	







































































appearance	 of	 the	 first	 competition	 in	 the	 smelter	 sector	 in	 Portugal,	which	 in	 turn	
generates	an	economic	crisis	[28].	 In	1981,	Renault	entered	into	force	in	the	national	
market,	 SONAFI	 reformulated	 its	 strategy	 in	 the	 market,	 targeting	 the	 automotive	





competition	due	 to	Portugal's	 imminent	accession	 to	 the	European	Common	Market	






was	dedicated	 to	 the	production	of	 hardware	 is	 sold,	 due	 to	 the	disparity	of	 quality	
levels,	 as	 well	 as	 structural	 issues	 [28].	 During	 the	 period	 1992	 to	 1994,	 SONAFI	
benefited	from	a	special	restructuring	program	for	the	Portuguese	casting	sector:	PEDIP.		




the	 capital	 of	 SONAFI,	 thus	 maintaining	 the	 company	 within	 a	 European	 group	 of	





The	 Organizational	 structures	 start	 with	 the	 Chairman’s,	 whose	 main	 function	 is	 to	
establish	 the	 objectives	 of	 organization	 and	 control	 of	 the	 executive	 action	 of	 the	
general	direction.	The	CEO,	in	turn,	implements	the	objectives	defined	by	the	Board	of	
Directors,	 thus	making	the	 link	with	the	different	departments	 in	order	to	 follow	the	
agreed	strategy.	This	strategy	is	ensured	by	department	heads	who	monitor	and	lead	a	







































24	 injection	machines,	300	 to	1400	 tons	of	 injection	 force.	 It	works	6	days/week,	24	
hours	in	the	3-shift	regime.	In	recent	years	there	has	been	a	strong	investment	in	the	
finishing	 sector	 of	 the	 company,	 particularly	 in	 the	 acquisition	 of	 more	 precise	 and	




































































human	 resources,	 the	 focuss	 will	 be	 the	 one	 that	 has	 more	 interest	 to	 the	 work	
developed	and	that	assumes	as	the	heart	of	the	whole	organization.	The	company	model	
layout	of	Sonafi	has	shown	in	Figure	22.	

































In	 the	machining	 sector,	 fully	automated	machining	centers	are	available,	where	 the	
robot	takes	a	leading	role	within	each	of	the	existing	machining	centers.	Other	devices	
are	 available	 to	 satisfy	 the	 customer's	 desired	 finish,	 ranging	 from	 shot	 blenders	 to	













The	 following	 organization	 chart	 (Figure	 27)	 succinctly	 describes	 the	 entire	 SONAFI	
production	process,	constituting	a	chain	of	operations.	 It	 starts	 from	the	 fusion	oven	
then	pass	through	sensors.	From	sensors	then	pass	through	temperature	maintenance	
fournace	to	machine	injection.	From	machine,	injection	is	divided	into	shot	blasting	and	
vibration,	 then	 sends	 to	 machining	 and	 washing.	 From	 their	 it	 sends	 to	 dimension	





The	 entire	 process	 in	 the	 die	 cast	 is	 mechanical	 in	 which	 the	 molten	 metal	 at	 a	
temperature	 above	 the	 melting	 point	 is	 poured	 into	 a	 chamber	 and	 then	




































to	 be	 injected,	 the	 number	 of	 cavities	 available,	 and	 the	 capacity	 of	 the	 injection	


























































moved	 so	 that	 it	 becomes	 possible	 to	 open	 and	 close	 the	mold	 at	 the	 end	 of	 each	
injection,	in	order	to	remove	the	parts	at	the	end	of	each	injection.There	in	are	present	
one	or	more	cavities	connected	to	each	other	by	channels	through	which	the	alloy	flows	
during	 filling	 thus	 constituting	 the	 "gito",	which	 is	 then	 cut	 and	 recycled	 for	 further	
melting	[28].		
In	Figure	35,	symbolic	representation	of	2	cavities	present	in	a	mold	are	shown.	Since	it	





























the	 cold	 chamber	 injected	 casting	 due	 to	 the	 existence	 of	 a	 furnace	 which	 has	 in	
principle	to	generate	and	maintain	the	alloy	in	the	liquid	state.	The	injection	chamber	is	
then	 immersed	 in	the	bath	and	the	 injection	can	take	place	under	two	processes,	by	
means	of	driving	through	compressed	air,	or	by	the	action	of	a	plunger,	mechanisms	







and	 500	 cycles	 per	 hour.	 This	 type	 of	machines	 can	 arise	with	 pistons	 of	 vertical	 or	
horizontal	 movement,	 depending	 on	 the	 existing	 needs.	 In	 contrast	 to	 hot-melt	 die	


























4. Limiting	 both	 the	maximum	 dimension	 and	 the	 geometry	 of	 the	 parts	 to	 be	
obtained.	
	



























































concept	 for	 plant	 and	 equipment	maintenance.	 The	 goal	 of	 the	 TPM	 program	 is	 to	
dramatically	increase	production	while	increasing	employee	morale	and	job	satisfaction:	




• Maintenance	 means	 the	 directional	 drive	 of	 the	 program	 to	 ensure	 reliable	
processes	and	maintain	production	[4].	
3.2.1 Design	of	Sonafi	TPM	Pillars	&	Flowchart	
















a) Predictive	maintenance	 is	 a	method	 in	which	 the	 life	of	 an	 important	part	 is	
predicted	based	on	inspection	or	diagnosis,	to	use	the	parts	up	to	the	limit	of	
their	useful	life.	In	comparison	to	periodic	maintenance,	predictive	maintenance	
is	 condition-based	 maintenance.	 It	 manages	 trend	 values,	 measuring	 and	
analyzing	deterioration	data,	and	employing	a	surveillance	system,	designed	to	
monitor	conditions	through	an	online	system.		





maintenance	 can	 be	 performed	 reliably.	 Equipment	 with	 design	 weakness	























6. Autonomous	 Maintenance:	 Operators	 of	 machines	 that,	 through	 routine	
actions,	assure	the	normal	condition	of	operation	of	your	equipment.	






























• General	 regulations	 and	 realignments,	 delicate	 periodic	 operations	 (eg,	
control	of	wear	of	mechanical	organs.	





• In	 the	 location	 of	 the	 equipment	 or	 on	 the	 main	 elements	 moved	 to	 a	
workshop	is	the	Place	of	Intervention.	
Execution	staff:	




• Maintenance	materials	 defined	 by	 the	machine	maintenance	manual	 and	
best	practices.	







• Documents	 required	 for	 2nd	 level	 of	maintenance	 are	Maintenance	Plans	
and	Manuals	of	Manufacturers'	Equipment.	





















• Technicians	who	have	a	good	knowledge	of	 the	equipment	on	which	 they	
have	to	intervene	as	well	as	the	corresponding	maintenance	means.	





































• Improved	 availability	 of	 spare	 parts	 through	 improved	 stock	management	
and	local	suppliers.	
• Creation	of	a	continuous	improvement	plan	for	the	equipment.	






• Implementation	 of	 existing	 legislation	 applicable	 to	 equipment	 and	
installations.	
The	Main	function	of	Support	Equipment	are:	











• Implementation	 of	 existing	 legislation	 applicable	 to	 equipment	 and	
installations.	
The	Main	function	of	Channels	and	Forms	of	Communication	are:	
• Daily	meetings	 in	 the	 DME	Office,	 with	 the	ME	 Director,	 the	 Casting	 and	
Finishing	 Maintenance	 Coordinators,	 Warehouse	 Technician,	 Preventive	
Maintenance	 Technician	 and	 invited,	 if	 necessary	 or	 convenient,	 at	 this	
meeting,	 all	 current	 data	 and	 information	 are	 analyzed,	 giving	 origin	 the	
minutes	with	 list	of	problems,	 causes,	measures,	 responsible	and	dates	of	
their	implementation.	
• Participation	in	the	daily	3R	Meeting	with	the	Representatives	of	the	various	



























The	 method	 and	 measure	 analysis	 of	 predictive	 and	 systematic	 maintenance	 are	
classified	into	5	parts:	Objective;	Scope;	Users;	Instructions;	Data	Analysis	Tool.	
Objective.	 The	 purpose	 of	 this	 instruction	 is	 to	 describe	 how	 the	 Predictive	 and	
Systematic	Maintenance	of	equipment’s.	








Instructions.	 The	 major	 instruction	 to	 be	 followed	 in	 Predictive	 and	 Systematic	
Maintenance	are:	
• The	Preventive	and	Predictive	Maintenance	is	developed	having	as	sources	the	





developed	 and	 approved.	 After	 parameterizing	 in	 the	 MannWinWin	 generates	 a	
Schedule	 of	 OTs,	 for	 all	 critical	 equipment	 and	 installations,	 translated	 into	 Plans/	
Maintenance	 Plans.	 These	 Plans	 are	 the	 base	 documents	 that	 contain	 the	 activities/	
tasks	to	be	carried	out.	According	to	the	planning,	these	Plans	give	a	PMP	Work	Order,	
for	its	realization	the	Production	Manager	is	informed	of	the	area	of	the	need	for	the	
equipment	 to	 be	 unavailable	 for	 the	 intervention,	 so	 that	 the	 equipment	 or	 an	
adjustment	 in	 the	 calendar	 if	 it	 is	 not	 possible	 to	 do	 so.	 These	 Plans	 are	 reviewed	
whenever	necessary.	
	



































































equipment/cell	 stop	 without	 production.	 When	 the	 equipment/cell	 is	 running	 in	
degraded	 mode	 is	 conseidered	 Urgency	 degree.	 The	 Normal	 degree	 is	 when	 the	
equipment/cell	is	in	operation,	without	loss	of	production	and	quality.	
The	Maintenance	Request	completed	in	MannWinWin	is	automatically	sent	to	the	ME	



















Scope.	 The	 main	 scope	 of	 this	 instruction	 covers	 all	 productive	 equipment	 and	
infrastructure	this	instruction.	
Users.	The	main	users	of	this	Continous	Improvements	are:	Maintenance	Coordinator;	




such	 is	 one	 of	 the	 objectives	 of	 the	 Equipment	 Maintenance	 Team,	 to	
collaborate,	suggest	and	implement	continuous	improvement.	
• It	 is	 the	 responsibility	 of	 the	 Director	 and	 Technical	 of	 Preventive	
Maintenance	 to	 analyze	 the	 indicators	 of	 the	 equipment	 namely,	 MTTR,	
MTBF,	TTR,	OEE	Availability	and	the	suggestions	of	the	technicians	and	using	
quality	 tools,	 to	 promote	 and	 to	 implement	 actions	 of	 Continuous	
Improvement,	in	the	Plans	of	Preventive	and	Predictive	Maintenance,	either	
suggested	 in	 the	 Investment	 Plan,	 or	 by	 immediately	 implementing	
improvement	actions	involving	ME	technicians	and	other	sectors.	
• Whenever	 the	 coordinators	 and/or	 operators	 verify	 possibilities	 for	
improvements	 in	equipment,	 they	 should	alert	 the	Director,	Coordinators,	
MP	 Technicians	 and	 Warehouse	 and	 maintenance	 technicians	 to	 jointly	
analyze	the	equipment	and	define	an	action	plan.	











is	 choosed	 a	 specific	 area	 for	 improvement	 and	 is	 defined	what	 is	 intended	 exactly.	
Measurable	is	the	field	that	establish	concrete	criteria	for	measuring	progress	toward	
the	attainment	of	each	goal	set.	 	Assess	whether	the	goal	 is	really	acceptable	for	the	
team	 and	 measuring	 the	 effort,	 time	 and	 other	 costs	 and	 compare	 them	 with	 the	



















• Basic	 training	 is	 given	 in	 the	 field	 of	 safety&work,	 Electronics,	 Machines	
concerning	furnace&foundry,	artificial	cameras	and	vacuum	system.	






• The	scheduled	 training	of	2018	 in	buhler	on	die-casting	machines,	ABC	on	
robotics,	 chiron	 machining	 equipment's	 proportion	 hydraulics	 and	
electronics	Industrial.	









1. Every	 year,	 each	 Responsible	 Person	 identifies,	 in	 the	 form	 "Diagnosis	 of	
training	 needs”	 the	 need	 to	 reinforce	 certain	 competencies,	 taking	 into	
account	the	profile	defined	for	each	function	and	the	existing	gap	in	relation	
to	the	demonstrated	performance.		






4. In	 addition	 managers	 can	 identify	 training	 needs	 not	 only	 in	 the	 human	
resources	of	their	respective	teams,	but	also	in	other	areas,	and	also	record	
them	in	the	"Training	Needs	Assessment"	form.	































• The	 support	 system	 applies	 TPM	 activities	 to	 continuously	 improve	 the	
efficiency	and	effectiveness	of	logistics	and	administrative	functions.	
• These	logistical	and	support	functions	can	have	a	significant	impact	on	the	
performance	 of	 production	 operations.	 In	 line	 with	 the	 vision	 of	 a	













In	 to	 respect	 to	 communication	 tool,	 the	 communication	 in	 the	 maintenance	
department	of	equipment	has	as	main	channels:	
• Daily	meetings	 in	 the	DME	office,	with	 the	ME	Director,	 the	molding	 and	
finishing	 maintenance	 coordinators,	 the	 warehouse	 technician,	 the	
Preventive	Maintenance	Technician	and	the	necessary	or	necessary	guests,	
these	meetings	 analyze	 all	 current	 data	 and	 information	 giving	 origin	 the	
minutes	with	 list	of	problems,	 causes,	measures,	 responsible	and	dates	of	
implementation	of	the	same.	
• Participation	 in	 the	Daily	Meeting	with	 the	Representatives	of	 the	various	
operational	departments	of	the	factory,	with	the	objective	of	analyzing	and	
taking	action	on	recurring	problems.	












The	 equipment	 maintenance	 data	 is	 stored	 in	 the	 ManWinWin	 database.	 The	













The	method	and	measure	 analysis	 of	Autonomous	Maintenance	are	 classified	 into	5	
parts:	Objective;	Scope;	Users;	Instructions;	Data	Analysis	Tool.	
Objective.	The	main	objectives	is	how	Autonomous	Maintenance	is	handled.	
Scope.	 All	 human	 resources	 and	 all	 productive	 equipment	 are	 covered	 by	 this	
instruction.	
Users.	 The	 major	 users	 to	 Autonomous	 Maintenance	 are:	 Preventive	 Maintenance	
Technician	ME,	Team	coordinators	and	Operators.	
Instruction.	The	major	instructions	followed	in	Autonomous	Maintenance	are:	































• Operation	 in	 degraded	 mode,	 the	 sheet	 is	 stored	 in	 the	 file	 of	 the	
respective	 equipment	 and	 is	 analyzed	 in	 the	 next	 intervention	 that	 is	
requested	for	the	equipment.	



























































Scope.	 This	 instruction	 applies	 to	 all	 subcontracted	 maintenance	 services	 (including	
equipment	and	infrastructures)	and	purchase	of	materials	for	equipment	maintenance.	
Users.	 The	main	 users	 of	 Supplier	maintenance	 are:	ME	 Director,	 Coordinators	ME,	
Warehouse	Technician	ME	and	Preventive	Maintenance	Technician.	
Instruction.	The	major	instructions	to	be	followed	under	supplier	maintenance	are:	














• After	 an	 analysis	 of	 the	 budgets	 received	 considering	 the	 implementation	
timings	and	the	price,	the	sector	manager	should	request	the	approval	of	his	
hierarchical	superior.	






























































The	main	 task	 consists	 in	 the	 evaluation	 of	 the	 entire	 work	 area,	 removal	 all	 tools,	
materials,	 equipment	 unecessary.	 Only	 what	 is	 considered	 essential	 should	 be	
maintained.	Materials	should	be	separated	with	discretion.	They	should	even	be	labeled.	
They	can	be	useful	in	other	areas	of	the	company	and	therefore	useful.	It	is	common	for	

















































and	 control	 actions	 that	 prevent	 situations	 of	 lack	 of	 safety.	Hazard	 statements	 and	





































Phase	 3	 follow	 implementation	 to	 ensure	 sustainability.	 All	 the	 daily	 data	 including	
inspection,	monitoring	and	comments	from	the	first	2	phases	are	noted	manually	then	









































IATF	 16949:2016	 was	 jointly	 developed	 by	 the	 International	 Automotive	 Task	 Force	

























The	 need	 to	 identify,	
analyze,	and	consider	actual	
and	 potential	 risks	 was	





continual	 need	 to	 analyze	













































Assessment	 used	 to	 select	





































The	need	to	 identify,	analyze,	and	consider	actual	and	potential	 risks	was	over	 in	
various	 areas	 of	 ISO/TS	 16949.The	 IATF	 adopted	 additional	 requirements	 for	 risk	
analysis	recognizing	the	continual	need	to	analyze	and	respond	to	risk	and	to	have	
suppliers/organizations	 consider	 specific	 risks	 associated	 with	 the	 automotive	
industry.	 Organizations	 would	 need	 to	 periodically	 review	 lessons	 learned	 from	






This	 updated	 section	 includes	 an	 increased	 focus	 on	 risk	 identification	 and	 risk	
mitigation,	 evaluating	 manufacturing	 feasibility,	 re-evaluation	 of	 changes	 in	
processes,	and	inclusion	of	on-site	supplier	activities.	Many	operational	risks	can	be	










This	 section	 now	 requires	 a	 record	 retention	 process	 that	 is	 defined	 and	








Changes	 in	 this	 section	 strengthened	 verification	 requirements,	 process	 input	
variables,	 capacity	 analysis,	 maintenance	 plans	 and	 correction	 of	 process	
nonconformities.	 It	 clarifies	 that	 the	 process	 approach	methodology	 of	 verifying	












Through	 this	 section,	 IATF	 16949	 strengthens	 the	 requirements	 for	 standardized	
work,	 including	the	requirement	to	address	specific	 language	needs.	Standardized	
work	documents	need	to	be	clearly	understood	by	the	organization’s	operators	and	
should	 include	 all	 applicable	 quality,	 safety,	 and	 other	 aspects	 necessary	 to	
consistently	perform	each	manufacturing	operation.	
• Section	8.5.1.5:	Total	productive	maintenance	[41]	
Strengthens	 the	 requirement	 for	 equipment	 maintenance	 and	 overall	 proactive	






machines,	 equipment,	 processes,	 and	 employees	 that	 add	 value	 to	 the	
manufacturing	process.	 TPM	should	be	 fully	 integrated	within	 the	manufacturing	
processes	and	any	necessary	support	processes.	Metrics	need	to	be	more	than	on	
time	 completion	 of	 PM’s	 and	 these	 are	 inputs	 into	 Management	 Review.	
Documented	 maintenance	 objectives	 including	 but	 not	 limited	 to	 OEE	 (Overall	
Equipment	Effectiveness),	MTBF	 (Mean	Time	Between	Failure),	 and	MTTR	 (Mean	
Time	To	Repair),	which	shall	form	an	input	into	management	review	.Regular	review	
of	 maintenance	 plan	 and	 objectives	 and	 a	 documented	 action	 plan	 to	 address	
corrective	 actions	where	 objectives	 are	 not	 achieved.	Use	 of	 planned	 preventive	
maintenance	 methods,	 e.g.	 periodic	 inspection	 without	 disassembling	 the	
equipment,	visual	checks,	cleaning	and	some	servicing,	and	replacement	of	parts,	in	
order	 to	 prevent	 sudden	 failures	 and	 process	 problem.	 Use	 of	 predictive	
maintenance	 methods,	 as	 applicable	 e.g.	 non-destructive	 testing	 (oil	 analysis,	





Enhanced	 section	 ensures	 action	 is	 taken	where	 customer	 requirements	 are	 not	
achieved	and	supports	the	continual	analysis	of	process	performance	and	risk.	Even	
though	process	owners	should	address	customer	performance	issues	related	to	the	
processes	 they	 manage,	 this	 requirement	 gives	 top	 management	 the	 clear	 and	





improvement:	 identification	 of	methods,	 information	 and	 data;	 an	 improvement	
action	plan	that	reduces	variation	and	waste;	and	risk	analysis	(such	as	FMEA).	Use	
of	 TPM,	 Lean,	 Six	 Sigma,	 and	 other	 manufacturing	 excellence	 programs	 or	
methodologies	should	follow	a	structured	approach	that	continuously	identifies	and	
addresses	opportunities	for	improvement.	
Finnaly,	 after	 IATF	16949:2016	clauses	of	 SONAFI	 is	 finalized	and	made	 into	manual.	


























































Elliot	 presents	 eleven	 general	 challenges	 and	 barriers	 to	 achieving	 manufacturing	





























































• To	 plan	 in	 a	 timely	 manner	 the	 necessary	 parts	 for	 the	 maintenance,	
guaranteeing	their	availability	in	stock	and	with	automatic	alerts	for	the	need	of	
purchase,	avoiding	delays	due	to	stock	rupture;	










With	 Manwinwin	 software	 is	 possible	 to	 collect	 data	 for	 all	 the	 Pillars	 of	 TPM	 as	
mentioned	above	and	also	data	are	entered	in	excel	file	manually	as	well.	It	is	used	to	
























OEE	 is	 the	 ratio	of	 fully	productive	 time	 to	planned	production	 time.	 In	practice	 it	 is	
calculated	as	[44]:	
OEE	=	Availability	x	Performance	x	Quality	à(2)	































Between	 Failures	 (MTBF)	 is	 the	 average	 time	 between	 each	 failure.	 Some	 of	 the	
variables	to	iron	out	before	applying	is	the	definition	for	"uptime".	A	machine	running	






examples	are	 light	bulbs,	 switches,	 torn	belts.	 In	 such	cases,	 the	 term	Mean	Time	to	
Failure	 (MTTF)	 is	 used.	 There	 is	 also	 the	 debate	 of	 planned	 downtime.	 Robust	 TPM	












The	 MTTR	 puts	 an	 emphasis	 on	 Predictive	 and	 Preventive	 Maintenance.	 Better	




























































































This	 work	 was	 developed	 aiming	 to	 implement	 the	 Total	 Productive	 maintenance	
function	on	Die-Casting	manufacturing	 line	for	the	automotive	sector.	 	Aimed	also	to	
reduce	the	stoppage	rates	on	machines	ensuing	from	breakdowns.	The	main	objective	
was	 achieved	 through	 the	 application	 of	 autonomous	 and	 Curative	maintenance.	 By	
following	 these,	 operators	were	 able	 to	 develop	 the	 responsibility	 to	 autonomously	
































needed.	 I	 was	 concerned	 with	 developing	 an	 understanding	 of	 the	 methods	 and	
principles	which	could	be	applied	to	the	Sonafi	comparing	them	to	best	practices	in	the	
field,	 I	 suggest	 recommendations	 to	 help	 remedy	 the	 weaknesses,	 emphasize	 the	
strengths	 and	 resolve	 identified	 problems.	 The	 steps	 required	 to	 implement	 the	
recommendations	suggested	are	also	presented.	Finally,	I	discuss	the	contribution	to	the	
Sonafi	 including	 both	 its	 short	 and	 long-term	 effects	 of	 my	 participation	 on	 the	
organization.		
During	my	 internship	 I	participated	 in	 the	Daily	meetings	at	 the	State	Department	of	
Maintenance,	worked	with	 the	Maintenance	Manager	 and	 all	maintenance	 staffs	 to	
prepare	 for	 the	 implementation	 of	 TPM	 and	 6S.	 I	 have	 done	 presentation	 to	 all	
organization	from	top	management	to	job	floor	workers	in	Sonafi	about	the	importance	




Warner,	 Renault	 Nissan,	 VW,	 DGH-Group.	 In	 Final	 of	 intern	 period	 I	 obtained	 2%	
increase	in	OEE	Availability	in	maintenance	department	of	Sonafi,	the	main	actions	were	
in	 Autonomous	 Maintenance	 and	 Curative	 Maintenance.	 This	 tool	 will	 be	 a	 strong	
impact	 in	near	future,	because	Sonafi	had	started	to	 implement	a	TPM	Culture	it	will	
take	time	to	improve	TPM	systematic.		
Overall,	 I	 am	 very	 satisfied	 with	 the	 results	 of	my	 internship.	 I	 was	 able	 to	 use	my	
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